UNITED  STATES 
PARTMENT  OF 
DMMERCE 
JBLICATION 


m 


Ref. 


A11103  OfibDDS 


NBS  SPECIAL  PUBLICATION  320 

SUPPLEMENT  1 


U.S. 
"ARTMENT 
OF 

OMMERCE 


National 
Bureau 
of 

standards 

El. 
•/ 


Bibliography  on 
Atomic  Transition  Probabilities 

July  1969  through  June  1971 


NATIONAL  BUREAU  OF  STANDARDS 


The  National  Bureau  of  Standards1  was  established  by  an  act  of  Congress  March  3, 
1901.  The  Bureau's  overall  goal  is  to  strengthen  and  advance  the  Nation's  science  and 
technology  and  facilitate  their  effective  application  for  public  benefit.  To  this  end,  the 
Bureau  conducts  research  and  provides:  (1)  a  basis  for  the  Nation's  physical  measure- 
ment system,  (2)  scientific  and  technological  services  for  industry  and  government,  (3) 
a  technical  basis  for  equity  in  trade,  and  (4)  technical  services  to  promote  public  safety. 
The  Bureau  consists  of  the  Institute  for  Basic  Standards,  the  Institute  for  Materials 
Research,  the  Institute  for  Applied  Technology,  the  Center  for  Computer  Sciences  and 
Technology,  and  the  Office  for  Information  Programs. 

THE  INSTITUTE  FOR  BASIC  STANDARDS  provides  the  central  basis  within  the 
United  States  of  a  complete  and  consistent  system  of  physical  measurement;  coordinates 
that  system  with  measurement  systems  of  other  nations;  and  furnishes  essential  services 
leading  to  accurate  and  uniform  physical  measurements  throughout  the  Nation's  scien- 
tific community,  industry,  and  commerce.  The  Institute  consists  of  a  Center  for  Radia- 
tion Research,  an  Office  of  Measurement  Services  and  the  following  divisions: 

Applied  Mathematics — Electricity — Heat — Mechanics — Optical  Physics — Linac 
Radiation2 — Nuclear  Radiation2 — Applied  Radiation2 — Quantum  Electronics3 — 
Electromagnetics3 — Time  and  Frequency3 — Laboratory  Astrophysics3 — Cryo- 
genics3. 

THE  INSTITUTE  FOR  MATERIALS  RESEARCH  conducts  materials  research  lead- 
ing to  improved  methods  of  measurement,  standards,  and  data  on  the  properties  of 
well-characterized  materials  needed  by  industry,  commerce,  educational  institutions,  and 
Government;  provides  advisory  and  research  services  to  other  Government  agencies; 
and  develops,  produces,  and  distributes  standard  reference  materials.  The  Institute  con- 
sists of  the  Office  of  Standard  Reference  Materials  and  the  following  divisions: 

Analytical    Chemistry — Polymers — Metallurgy — Inorganic    Materials — Reactor 

Radiation — Physical  Chemistry. 

THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  provides  technical  services  to  pro- 
mote the  use  of  available  technology  and  to  facilitate  technological  innovation  in  indus- 
try and  Government;  cooperates  with  public  and  private  organizations  leading  to  the 
development  of  technological  standards  (including  mandatory  safety  standards),  codes 
and  methods  of  test;  and  provides  technical  advice  and  services  to  Government  agencies 
upon  request.  The  Institute  also  monitors  NBS  engineering  standards  activities  and 
provides  liaison  between  NBS  and  national  and  international  engineering  standards 
bodies.  The  Institute  consists  of  the  following  technical  divisions  and  offices: 

Engineering  Standards  Services — Weights  and  Measures — Flammable  Fabrics — 
Invention  and  Innovation — Vehicle  Systems  Research — Product  Evaluation 
Technology — Building  Research — Electronic  Technology — Technical  Analysis — 
Measurement  Engineering. 

THE  CENTER  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts  re- 
search and  provides  technical  services  designed  to  aid  Government  agencies  in  improv- 
ing cost  effectiveness  in  the  conduct  of  their  programs  through  the  selection,  acquisition, 
and  effective  utilization  of  automatic  data  processing  equipment;  and  serves  as  the  prin- 
cipal focus  within  the  executive  branch  for  the  development  of  Federal  standards  for 
automatic  data  processing  equipment,  techniques,  and  computer  languages.  The  Center 
consists  of  the  following  offices  and  divisions: 

Information  Processing  Standards — Computer  Information — Computer  Services 
— Systems  Development — Information  Processing  Technology. 

THE  OFFICE  FOR  INFORMATION  PROGRAMS  promotes  optimum  dissemination 
and  accessibility  of  scientific  information  generated  within  NBS  and  other  agencies  of 
the  Federal  Government;  promotes  the  development  of  the  National  Standard  Reference 
Data  System  and  a  system  of  information  analysis  centers  dealing  with  the  broader 
aspects  of  the  National  Measurement  System;  provides  appropriate  services  to  ensure 
that  the  NBS  staff  has  optimum  accessibility  to  the  scientific  information  of  the  world, 
and  directs  the  public  information  activities  of  the  Bureau.  The  Office  consists  of  the 
following  organizational  units: 

Office  of  Standard  Reference  Data — Office  of  Technical  Information  and 
Publications — Library — Office  of  Public  Information — Office  of  International 
Relations. 

1  Headquarters  and  Laboratories  at  Gaithersburg,  Maryland,  unless  otherwise  noted;  mailing  address  Washing- 
ton, DC.  20234. 

2  Part  of  the  Center  for  Radiation  Research. 

3  Located  at  Boulder,  Colorado  80302. 


KOMI  BUREAU  0F  VMDPm 
P  2  7  1971 

UNITED  STATES  DEPARTMENT  OF  COMMERCE  •  Maurice  H.  Stans,  Secretary 
NATIONAL  BUREAU  OF  STANDARDS,*  Lewis  M.  Branscomb,  Director 

70) 

Bibliography  on 


Atomic  Transition  Probabilities 


July  1969  through  June  1971 


J.  R.  Fuhr  and  W.  L.  Wiese 
Institute  for  Basic  Standards 
National  Bureau  of  Standards 
Washington,  D.C.  20234 


•t , 

\)  i  S  .  National  Bureau  of  Standards  Special  Publication  320  Supplement  1 

h-  0  $ 

Nat.  Bur.  Stand.  (U.S.),  Spec.  Publ.  320  Suppl.  1,  67  pages  (Sept.  1971) 
CODEN:  XNBSA 

Issued  September  1971 


For  sale  by  the  Superintendent  of  Documents,  U.S.  Government  Printin 


Offic 


Washington,  D.C.  20402   (Order  by  SD  Catalog  No.  C  13.10:320  Suppl.  1),  Price  .65. 


Contents 


Page 


1.  Introduction    V 

Table  of  abbreviations  used  for  classification  of  the  articles   VI 

2.  Available  numerical  tables  of  critically  evaluated  transition  prob- 
abilities   VII 

3.  Bibliography   1 

3.1.  General  references   1 

3.2.  References  on  isoelectronic  sequences   3 

3.2.1.  Allowed  lines    3 

3.2.2.  Forbidden  lines    5 

3.3.  References  on  individual  elements  and  stages  of  ionization   6 


Library  of  Congress  Catalog  Card  Number:  76-604227 


Bibliography  on  Atomic  Transition  Probabilities 
July  1969  through  June  1971* 


J.  R.  Fuhr  and  W.  L.  Wiese 


This  is  the  first  supplement  to  the  NBS  Special  Publication  320,  "Bibliography  on 
Atomic  Transition  Probabilities,"  and  it  covers  the  most  recent  literature  on  the  subject 
from  July  1969  through  June  1971.  The  papers  are  arranged  according  to  elements  and 
stages  of  ionization,  and  the  method  employed  and  classification  of  transitions  are 
indicated  for  each  reference.  Only  articles  on  discrete  transitions,  both  allowed  and 
forbidden,  are  listed.  Papers  containing  data  for  many  elements  within  isoelectronic  se- 
quences are  collected  separately  in  front  of  the  list  in  order  to  keep  this  bibliography 
to  a  reasonable  size.  Also  included  is  a  selected  list  of  new  papers  dealing  with  the 
subject  of  atomic  transition  probabilities  from  a  general  point  of  view. 

Keywords:  Allowed;  atomic;  discrete;  forbidden;  transition  probability. 


1.  Introduction 


Since  the  publication  of  our  latest  "Bibliog- 
raphy on  Atomic  Transition  Probabilities,"  in 
February  1970,  the  number  of  articles  contain- 
ing either  numerical  data  or  important  reviews 
or  comments  of  general  interest  has  again  in- 
creased considerably,  namely  by  about  300  from 
the  1377  included  there.  This  first  supplement 
contains  the  references  to  all  these  new  papers 
(and  a  few  older  papers  that  were  missed  be- 
fore) which  were  received  in  the  NBS  library 
before  June  30,  1971.  In  this  supplement  the 
format  of  the  preceding  bibliography 1  is  re- 
tained. 

Section  3.1  contains  the  important  new  papers 
dealing  with  the  subject  of  atomic  transition 
probabilities  from  a  general  point  of  view. 
However,  we  do  not  have  new  entries  under  all 
the  subjects  listed  in  the  last  bibliography.  We 
would  like  to  note  that  this  section  contains 
only  selected  papers  of  special  interest. 


*This  research  was  supported  by  the  Advanced  Research  Projects 
Agency  of  the  Department  of  Defense  under  the  Strategic  Tech- 
nology Office. 

1  Miles,  B.  M.,  and  Wiese,  W.  L.,  Bibliography  on  Atomic  Transi- 
tion Probabilities  (January  1916  through  June  1969),  Nat.  Bur. 
Stand.  (U.S.),  Spec.  Publ.  320,  111  pages  (Feb.  1970). 
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In  Section  3.2  we  have  listed  those  papers 
containing  data  for  many  spectra  (about  20 
spectra  or  more)  along  isoelectronic  sequences 
and  which  are  therefore  rather  comprehensive 
in  nature.  In  these  cases  we  have  indicated  the 
transitions  for  which  the  numerical  data  are 
given,  in  addition  to  listing  the  spectra  that 
have  been  treated. 

In  Section  3.3  we  have  listed,  in  alphabetical 
order  of  the  element  symbols,  all  new  references 
containing  data  on  individual  spectra  and  have 
classified  these  papers  according  to  the  methods 
employed.  The  key  to  the  abbreviations  follows 
on  the  next  page.  We  have  marked  with  an  as- 
terisk the  element  symbols  of  those  species  for 
which  additional  material  is  available  from  the 
papers  listed  in  Section  3.2. 

As  an  additional  piece  of  information,  we 
have  assembled  on  page  VII  all  available  data 
tables  of  critically  evaluated  transition  proba- 
bilities and  their  sources. 


It  is  a  pleasure  to  acknowledge  the  competent 
assistance  of  Miss  J.  Grabusnik  and  Mrs.  R. 
Jones  in  arranging  and  typing  this  bibliog- 
raphy. 


Table  of  Abbreviations  Used  for  Classification  of  the  Articles 

Except  where  "rel."  (relative)  appears,  absolute  valu?s  have  been  determined. 


A.  Theoretical  methods : 

1.  SCF — self-consistent  field  calculations 

2.  CA — Coulomb  approximation 

3.  quant. — other  quantum  mechanical  calculations 

4.  quant,  forb. — quantum  mechanical  calculations  for  forbidden  lines 

5.  estim. — estimations  from  sum  rules,  etc. 

6.  interp. — interpolation  within  isoelectronic  sequences,  spectral  series  or  homologous 
atoms. 

B.  Experimental  methods : 

1.  emiss. — measurements  in  emission  (arc,  furnace,  discharge  tube,  shock  tube,  etc.) 

2.  absorpt. — measurements  in  absorption  (King  furnace,  absorption  tube,  etc.) 

3.  life — lifetime  measurements  (including  Hanle-effect) 

4.  hook — anomalous  dispersion  measurements 

5.  misc. — miscellaneous  experimental  methods  (for  example,  Stark  effect,  astrophysi- 
cal  measurements,  etc.) 

C.  Miscellaneous : 

1.  comm. — comments,  additions,  or  corrections  to  other  articles,  methods,  etc. 

2.  incompl. — article  not  yet  classified  (because  translation  is  needed,  incomplete  in- 
formation available,  etc.) 

3.  compil. — compilations 

Material  on  forbidden  lines  is  marked  as  "forb." 
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2.     Available  Numerical  Tables  of  Critically  Evaluated  Transition  Probabilities 


1.  For  the  elements  hydrogen  through  neon: 

Wiese,  W.  L.,  Smith,  M.  W.,  and  Glennon, 
B.  M.,  Atomic  Transition  Probabilities,  Vol. 
I.  Nat.  Stand.  Ref.  Data  Ser.,  Nat.  Bur. 
Stand.  (U.S.),  4,  157  pages  (May  1966). 

2.  For  the  elements  sodium  through  calcium: 

Wiese,  W.  L.,  Smith,  M.W.,  and  Miles,  B.  M., 
Atomic  Transition  Probabilities,  Vol.  II, 
Nat.  Stand.  Ref.  Data  Ser.,  Nat.  Bur.  Stand. 
(U.S.),  22,  306  pages  (Oct.  1969). 


3.  For  Ba  I  and  II: 

Miles,  B.  M.,  and  Wiese,  W.  L.,  Critically 
Evaluated  Transition  Probabilities  for  Ba  I 
and  II,  Nat.  Bur.  Stand.  (U.S.),  Tech.  Note 
474,  24  pages  (Jan.  1969). 

4.  Selected  updated  material  for  elements  hy- 
drogen through  calcium : 

Wiese,  W.  L.,  and  Miles,  B.  M.,  American  In- 
stitute of  Physics  Handbook,  ch.  7,  200-263, 
3rd  ed.,  (McGraw-Hill  Book  Co.,  Inc.,  New 
York,  N.Y.  1971). 
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3.  BIBLIOGRAPHY 


3.1  GENERAL  REFERENCES 

A.     TABLES  OF  NUMERICAL  VALUES 

|  Wiese,  W.  L.  &  Miles,  B.  M. ,  "American  Institute  of  Physics  Handbook."  ch.  7,  200-263,  3rd  edition  (McGraw 
Hill,  New  York,   1971) . 

***** 

B.     PREVIOUS  LITERATURE  COMPILATIONS 

| Miles,  B.  M.  &  Wiese,  W.  L. ,  "Bibliography  on  Atomic  Transition  Probabilities  (January  1916  through  June 
I969),"    National  Bureau  of  Standards  Special  Publication  320  (U.  S,  Government  Printing  Office, 
Washington,  D.  C.,  1970). 

***** 

C.     REVIEW  ARTICLES 
Garstang,  R.  H. ,  Mem.  Soc.  Roy.  Sci.  Liege,  Ser.  5  12,  35-^4  (1969). 

Transactions  of  the  International  Astronomical  Union,  Vols.  VII  (I95O),  VIII  (1952),  IX  (1955),  X  (1958), 

xi  (1961),  xii  (1964),  xiii  (1967),  xiv  a  (1970). 
Weiss,  A..  W.,  Nucl.  Instrum.  Methods  22.,  121-131  (1970)   (Theoretical  Methods). 
Wiese,  W.  L. ,  Nucl.  Instrum.  Methods  22..  25-33  (1970). 

***** 
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D.     FUNDAMENTAL  RELATIONSHIPS  AND  BASIC  CONCEPTS 


No  new  entries. 

•  *  •  •  * 

E.     DETAILED  DESCRIPTIONS  OF  EXPERIMENTAL  OR  THEORETICAL  METHODS 

Corney,  A. ,  "Advances  In  Electronics  and  Electron  Physics,"  2£,  115-231  (Academic  Press  Inc.,  New  York, 
1970)   (Lifetime  Methods). 

Crossley,  R.J.S.,  "Advances  In  Atomic  and  Molecular  Physics"  237-296  (Academic  Press  Inc.,  New  York,  I969). 
Lochte-Ho Itgreven,  W.,  ed.  "Plasma  Diagnostics,"  (John  Wiley  and  Sons,  Inc.,  New  York,   I968)   (Emission  Method) 

•  *  •  *  • 

F.     GENERAL  COMMENTS 

Carre,  M. ,  Galllard,  M.  L. ,  &  Subtil,  J.  L. ,  Nucl.  Instrum.  Methods  £0.  217-222  (1970)   (Cascade  corrections). 
Curtis,  L.  J.,  Berry,  H.  G. ,  &  Bromander,  J.,  Physlca  Scripta  2,  216-220  (1970)   (Cascade  analysis  techniques). 
Curtis,  L.  J.,  Schectman,  R.  M.,  Kohl,  J.  L. ,  Chojnacki,  D.  A.  &  Shoffstall,  D.  R.,  Nucl.  Instrum.  Methods 

90.   207-216  (1970)   (Cascade  analysis  techniques). 
Dekker,  E.,  Astron.  and  Astrophys.  1,  72-76  (I969)  (Generalized  relative  multiplet  strengths). 
Frledrich,  H.,  Katterback,  K.  &  Trefftz,  E. ,  J.  Quant.  Spectrosc,  Radiat.  Transfer  10,   11-16  (1970) 

(On  accuracy  of  machine  programs  for  calculating  oscillator  strengths  by  Coulomb  approximation). 
Starace,  A.  F. ,  Phys.  Rev.  A  j[,   1242-12^5  (1971)   (Comments  on  length  and  velocity  approximations). 
Takens,  R.  J.,  Astron.  &  Astrophys.        244-263  (1970)   (Critical  analysis  of  free-burning  arcs). 
Wangsness,  R.  K. ,  Phys.  Rev.  A  3,   1275-1278  (1971)   (Cascade  effects  in  Hanle  technique). 
Weinhold,  F.,  J.  Chem.  Phys.  5.4,  1874-1881  (1971)  (Upper  and  lower  bounds  to  oscillator  strengths), 
Wiese,  W.  L.,  Nucl.  Instrum.  Methods  9_p_,  25-33  (1970)   (On  the  importance  of  cascade  effects). 

•  *       *       *  * 

G.     ENVIRONMENTAL  INFLUENCES  ON  TRANSITION  PROBABILITIES 

No  new  entries. 

***** 
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3.2  REFERENCES  ON  ISOELECTRONIC  SEQUENCES 


3.2.1  Allowed  Lines 

All,  M.  A.  &  Schaad,  L.  J.  Mol.  Phys.  12,  441-448  (I969).  quant. 

Transitions  treated: 

All  possible  allowed  l-combinatlons  within  the  n=4  shell  of  the  He  Sequence. 

***** 


Safronova,  U.  L. ,  Ivanova,  A.  N. 
&  Kharitonova,  V.  N. 


Optics  and  Spectroscopy  (U.S.S.R.)  28,  313-314 
(1970). 

Transitions  treated: 


He  Sequence : 


h  -  V 


Is  -  lsnp  (n=2,3,4,5) 
ls2s  -  lsnp  (n=2,3) 
ls3s  -  lsnp  (n=2,3) 


ls2s  -  lsnp  (n=2,3) 
ls3s  -  lsnp  (n=2,3) 


quant. 


***** 


Smith,  M.  W.  &  Wiese,  W.  L. 


Astrophys.  J.  Suppl.  Ser.  2J,  #196,  IO3-I92 
(1971). 

Transitions  treated: 


interp. 


Numerous  transitions  in  the  isoe lectronic  sequences  of  He  through  Mg,  especially  for  high ly-ionlzed  spectra. 


All,  M.  A.  &  Schaad,  L.  J. 


Llnderberg,  J. 


***** 


J.  Phys.  B.  Ser.  2,  2,   1018-1027  (1969). 
Transitions  treated: 


3s  1S  -  3p  ""-P0  and  3s  3S  _  3p  3P° 
3p  1P°  -  3d  1D  and  3p  3P°-  3d  3D 


of  the  Be  Sequence. 


***** 


Phys.  Letters  2£A,  467-468  (I969). 
Transitions  treated  : 


2s2p  1P°  -  2p2  1D  of  the  Be  Sequence. 


quant. 


quant. 


***** 


Nlkitln,  A.  A.  Uchenye  Zaplski  Leningrad  Gos.  Universltet,  Seriya  quant. 

Matematichesklkh  Nauk,  No.  kk,  20-24  (I969). 
Transitions  treated: 

2s2  XS  _  2s2p  1'3po  of  the  Be  seqUence  through  Ar  XV 

3s2  1S  -  3s3p  1>3P°  of  the  Mg  Sequence  through  Co  XVI. 

#  *  *  *  * 


Gruzdev,  P.  F.  Optics  and  Spectroscopy  (U.S.S.R.)  22.,  391-  quant, 

393  (1969). 
Transitions  treated: 

All   lines  of  the  2p^  -  2p  ^Js  array  for  the  0  Sequence  through  Fe  XIX. 

***** 
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3.2.2  Forbidden  Lines 


2  1  ? 

Is      S  -  ls2s  ^S  transition  of  the  He  Sequence  Is  treated  In  the  following  papers: 


Drake,  G.  W.  F. 
Felnberg,  G.  &  Sucher,  J. 

Gabriel,  A.  H.,  &  Jordan,  C. 
Grlem.  H.  R. 


Phys.  Hev.  A  J,  908-915  (1971). 

Phys.  Rev.  Letters  26,  681-68^  (1971)  and  26, 

108it  (1971). 
Phys.  Letters,  32A,  I66-I67  (1970). 
Astrophys.  J.  156.  L103-L105  (I969);  161.  LI55 

(1970). 


quant,  forb. 

quant,  forb. 

comm. 

estlm.  forb. 


*■***» 


)rake,  G.  W.  F.  Astrophys.  J.  158,  1199-1203  (I969);  16J.,  439  quant,  forb. 

(1971). 

Transitions  treated: 
Is2  *S     -  ls2p  3p°  magnetic  quadrupole  transitions  of  the  He  Sequence. 

*  •  *  •  * 
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3.3  REFERENCES  ON  INDIVIDUAL  ELEMENTS 
AND  STAGES  OF  IONIZATION 


AUTHOR  JOURNAL  CLASSIFICATION 

Ag  (Silver) 


Ag  I 

Addlnk,  N.  W.  H„  "Proc.  of  XIV  Colloquium  Spectroscopicum  comm. 

Internationale,"  Bl,  201-208  (Debrecen, 
Hungary,  1967). 

Andersen,  T. ,  Jessen,  K.  A.,  &  Nucl.  Instrum.  Methods  29..  35-39  (1970).  life 

Sjrfrensen,  G„ 

Gabla,  K.  &  Kunlsz,  M„  Acta  Phys.  Polon.  AJJ2,  391-396  (1970).  emiss.,  re  I 

***#*■ 

Al  (Aluminum)** 


Al  I 


Andersen,  T.,  Jessen,  K.  A.  & 

Sjtfrensen,  G. 
Goldman,  A. 

Andersen,  T.t  Jessen,  K,  A.,  & 

Sjirensen,  G, 
Smith.  W.  H. 

Stuck,  H.  L.  &  Zimmermann,  P. 


J.  Opt.  Soc.  Am.  52.  1197-1201  (1969). 

Scientific  Report  No.  5,  Sept.  (1969)  AFCRL- 

69-04^7.  Univ.  of  Denver,  Denver,  Colo. 
Nucl.  Instrum.  Methods  29..  35-39  (1970). 

Nucl.  Instrum.  Methods  29..   115-119  (1970). 
Z.  Physlk  2Q2.  3^5-350  (1970). 


life 


CA 


life 


life 
life 


Al  II 


Andersen,  T. ,  Jessen,  K.  A.  & 
SjJrensen,  G. 


J.  Opt.  Soc.  Am.  52.   1197-1201  (1969). 


life 


*See  also  Section  3.2  for  some  further  references. 


6 


Berry,  H.  G.,  Bromander,  J.,  & 

Buchta,  R. 
Bromander,  J.,  Berry,  H.  G.,  & 

Buchta,  R. 
Smith,  W.  H. 


Phys.  Scrlpta  1.   181-183  (1970), 


Nucl.  Instrum.  Methods  2Q..  55-58  (1970), 


Nucl.  Instrum.  Methods  2£.  H5-H9  (1970), 


life 


life 


life 


Al  III 


Andersen,  T.,  Jessen,  K.  A.  & 

Sffrensen,  G, 
Berry,  H.  G.,  Bromander,  J.,  & 

Buchta,  R. 
Bromander,  J.,  Berry,  H.  G. ,  & 

Buchta,  R. 


J.  Opt.  Soc.  Am.  59_,   1197-1201  (1969), 


Phys.  Scrlpta  1,   I8I-I83  (I970), 


Nucl.  Instrum.  Methods  £0,  55-58  (1970), 


life 


life 


life 


Al  IX 


Weiss,  A.  W. 


Phys.  Rev.  188,   II9-I30  (I969), 


lnterp. 


A 1  XII 


Brown,  R.  T. 


Astrophys.  J.  158,  829-837  (1969). 


quant. 


***** 


Ar (Argon)* 


Ar  I 


Chenevler,  M.  &  Goullet,  G. 
Desal,  S.  V.  &  Corcoran,  W.  H. 

Melners,  H.  M 


J.  Physique  Suppl.  CI,  50,  8*1-88  (I969). 

J.  Quant.  Spectrosc.  Radlat.  Transfer  2.  1^89- 

1491  (1969). 

J.  Quant.  Spectrosc.  Radlat.  Transfer  9_,  1^93- 

1506  (1969). 
J.  Opt.  Soc.  Am.  59..  1206-1212  (1969). 


Wiese,  W.  L. .Bridges,  J.  M.  , 

Kornbllth,  R.  L.,&  Kelleher,  D.  E. 
Wujec,  T.  Acta.  Phys.  Polon.  36,  269-271  (1969). 

Aymar,  M. ,  Feneullle,  S.,  &  Klaplsch,  M.     Nucl.  Instrum,  Methods  £0.   137-1^3  (1970) 


life 
comm. 


SCF 


emiss , 


emlss. 
quant . 


*See  also  Section  3.2  for  some  further  references. 

7 


Burnham.  R.  &  Isler,  R.  C. 
Geiger,  J. 

Nodwell,  R.  A.,  Meyer,  J.  & 
Jacobson,  T. 

Quang  Hang,  L. 

De  Jongh,  J.  P.  &  Van  Eck,  J. 
Giannarls,  R.  J.  &  Incropera,  F.  P. 

Grandin,  J.  P.,   Lecler,  D. ,  & 
Margerie,  J. 


Webb,  C.  E. ,  Miller,  R.  C.,  & 

Tang,  C.  L. 
Koozekanani.  S.  H. ,  &  Trusty,  G.  L. 
Assousa,  G.  E.,  Brown,   L. ,  & 

Ford,  Jr.,  W.  K. 
Assousa,  G.  E.,  Brown,  L, ,  & 

Ford,  Jr.,  W.  K. 
Camhy-Val,  C.  &  Dumont,  A.  M. 
Camhy-Val,  C.,  Dumont,  A.  M. , 

Druex,  M, ,  &  Vltry,  R. 
Denis,  A.  &  Gaillard,  M. 
Fink.  U.,  Bashkln,  S.,  & 

Blckel,  W.  S. 
Kernahan,  J.  A.,  Lin,  C.  C.  & 

Pinnington,  E.  H. 
Nerhelm,  N.  M.,  &  Olsen,  H.  N. 


Gruzdev,  P.  F. 

Fink,  U.,  Bashkln,  S.,  & 

Blckel,  W.  S. 
Kernahan,  J.  A.,  Lin,  C.  C.  & 

Pinnington,  E.  H. 
Ceyzerlat,  P.,  Denis,  A.  &  Dufay,  M. 


Bull.  Am.  Phys.  Soc.  II,   15.,  213  (1970).  life 

Phys.  Letters  3_JA,  351-352  (1970).  misc. 

J.  Quant.  Spectrosc.  Radlat.  Transfer  10,  335-  life,  emls 

340  (1970).  re  I.,  ab- 

sorpt.  re 

Comp.  rend.  271B.  389-392  (1970).  quant. 

Physica  il,  10^-112  (197D.  absorpt. 

J.  Quant.  Spectrosc.  Radlat.  Transfer  11.  291-307  compi I . 
(1971). 

Comp.  rend.  272B.  929-932  (I97D.  life 


Ar  II 


IEEE  J.  Quant.  Elect.  QE-4.  357  (1968).  life 

J.  Opt.  Soc.  Am.  5£,   1281-1284  (I969).  quant. 

J.  Opt.  Soc.  Am.  60.   1311-131^  (1970).  life 

Nucl.  Instrum.  Methods  90..  51-5^  (1970).  life 

Astron.  Astrophys.  £•  ^90  (1970).  comm. 

Phys.  Letters  3_2A,  233-234  (1970).  life 

Phys.  Letters  JJ1A.  9-10  (1970).  life 

J.  Quant.  Spectrosc.  Radlat.  Transfer  10,  1241-  life 
1256  (1970). 

J.  Opt.  Soc.  Am.  60,  898-901  (1970).  life 

J.  Quant.  Spectrosc.  Radlat.  Transfer  10_,  755-  comm. 
773  (1970). 

Ar  III 

Optics  and  Spectroscopy  (U.S.S.R.)  28,  334-337  quant. 
(1969). 

J.  Quant.  Spectrosc.  Radlat.  Transfer  10,  1241-  life 
1256  (1970). 

J.  Opt.  Soc.  Am.  60,  898-9OI  (1970).  life 

J.  Opt.  Soc.  Am.  61,  641-642  (1971).  life.  CA 
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At  IV 


Czyzak,  S.  J.  &  Krueger,  T.  K. 
All,  M.  A.  &  Joy,  H.  W. 


Monthly  Notices  Roy.  Astron.  Soc.  129.  103  (1965).  coma.  forb. 

J.  Phys.  B  (Atom.  Molec.  Phys.)  2,   1552-155?  (1970).  SCF 


At  XIII 


Nussbaumer,  H. 


Astrophys.  J.  166,  411-422  (1971), 


quant,  forb. 


At  XVII 


Garstang,  R.  H. 

Schmleder,  R.  W.  &  Marrus,  R. 

Marrus,  R.  &  Schmleder,  R.  W. 


Publ.  Astron.  Soc.  Pacific  81,  488-495  (1969). 
Phys.  Rev.  Letters  25_,  1245-1248  (1970). 
Phys.  Rev.  Letters  2i,  1689-1691  (1970). 


quant,  forb. 
life,  forb. 
life,  forb. 


Ar  XVIII 


Schmleder,  R.  W.  &  Marrus,  R. 


Phys.  Rev.  Letters  2£,  I692-I695  (1970), 


life,  forb. 


*  *  •  *  * 


Au  (Gold) 


Au  I 


Ashenfelter,  R.  C. 
Addlnk,  N.  W.  H. 


Gabla,  K.  &  Kunlsz,  M. 


Thesis,  California  Institute  of  Technology  (196?) , 
"Proc.  of  XIV  Colloquium  Spectroscoplcum 

Internationale,"  Bl,  201-208  (Debrecen, 

Hungary,  I967). 
Acta  Phys.  Polon.  A2Z.  391-396  (1970). 


absorpt. 
comm. 


emlss.,  rel. 


*#*■** 


B (Boron! 


B  I 


Andersen,  T.,  Jessen,  K.  A.  & 
S/rfrensen,  G. 


Phys.  Rev.  188,  76-81  (1969). 


life 


*See  also  Section  3.2  for  some  further  references. 
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Weiss.  A„  W. 

Martinson.  I..  Bickel,  W.  S.  & 

Olme,  A. 
Smith,  W.  H. 


Phys.  Rev.  188,   119-130  (I969). 

J.  Opt.  Soc.  Am. 60.   1213-1220  (1970). 

Nuol.  Instrum.  Methods  20,  115-119  (1970), 


B  II 


Andersen,  T.,  Jessen,  K.  A.  & 

S^rensen,  G. 
Martinson,  I. 

Martinson.  I.,  Bickel,  W.  S.  & 
Olme,  A. 


Phys.  Rev.  188,  76-8I  (I969). 

Nucl.  Instrum.  Methods  22.,  81-84  (1970), 
J.  Opt.  Soc.  Am. 60,  1213-1220  (1970). 


B  III 


All,  M.  A.  &  Schaad,  L.  J. 

Andersen,  T.,  Jessen,  K.  A.  & 

S^rensen,  G. 
Martinson,  I. 

Martinson,  I.,  Bickel,  W.  S„  & 
Olme,  A. 


J.  Phys.  B  (Proc.  Phys.  Soc.)  Ser.  2,  2, 

1304-1308  (1969). 
Phys.  Eev.  188,  76-8I  (1969). 

Nucl.  Instrum.  Methods  22.  81-84  (1970). 
J.  Opt.  Soc.  Am. 60,   1213-1220  (1970). 


B  IV 


Senashenko.  V.  S.  &  Teku,  B. 
Brown,  R .  T. 

Drake,  G.W.F.  &  Dalgarno,  A. 
Martinson,  I. 

Martinson,  I.,  Bickel,  W.  S.  & 
Olme,  A. 


Vestnlk  Moskovskogo  Unlversltet  Ser.  3  fiz. 

astron..   120-122  (I968). 
Astrophys.  J.  1£8,  829-837  (I969). 
Phys.  Rev.  A  1,  1325-I329  (1970). 
Hue  I.  Instrum.  Methods  22.  81-84  (1970). 
J.  Opt.  Soc.  Am. 60,   1213-1220  (1970). 


***** 


Ba  (Barium) 


Chenevler,  M.  &  Goullet,  G. 


J.  Physique  Supp I .  CI.  21.  84-88  (1969), 
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Andersen,  T.t  Jessen,  K.  A.,  & 

S^rensen,  G. 
Dickie,  L.  0.  &  Kelly,  F.  H. 
Hudson,  R.  D. ,  Carter,  V.  L.t  & 

Young,  P.  A, 
Dickie,  L,  6.  &  Kelly,  F.  M. 


Nucl.  Instrum.  Methods  £0,  35-39  (1970), 

Can„  J„  Phys.  4_8,  879-883  (1970). 
Phys.  Rev.  A,  2,  6^3-648  (1970). 

Can.  J.  Phys.  4_9_,   1098-1102  (1971). 


life 
life 

absorpt . 
life 


Ba  II 


Chenevier,  M.  &  Goullet,  G. 


J.  Physique  Suppl.  CI,  30,  84-88  (1969), 


life 


*  *  •  «  * 


Be  (Beryllium: 


Be  I 


Andersen,  T.,  Jessen,  K,  A.  & 

Sffrensen,  G. 
McGinn,  G. 


Phys.  Rev.  188,  76-8I  (1969), 


J.  Chem.  Phys.  5_1,  5090-5095  (1969). 


life 


quant , 


Be  II 


All,  M.  A.  &  Schaad,  L.  J. 

Andersen,  T.,  Jessen,  K.  A.  & 

Sffrensen,  G. 
Berry,  H.  G.t  Martinson,  I.,  & 

Bromander,  I. 
Martinson,  I. 


J.  Phys.  B  (Proc.  Phys.  Soc.)  Ser.  2,  2, 

1304-1308  (I969). 
Phys.  Rev.  188,  76-8I  (1969). 

Phys.  Letters  3JA,  521-522  (1970). 

Nucl.  Instrum.  Methods  2£.  81-84  (1970). 


quant , 


life 


life 


life 


Be  III 


Senashenko,  V.  S.  &  Teku,  B. 

Andersen,  T. ,   Jessen,  K.  A.  & 

SjSrensen,  G. 
Brown,  R.  T. 


Vestnik  Moskovskogo  Universitet  Ser.  3  fiz.  1 

astron.,   120-122  (I968). 
Phys.  Rev.  188.  76-81  (1969). 

Astrophys.  J.  !5_8,  829-837  (1969). 


quant. 


life 


quant. 


♦See  also  Section  3.2  for  some  further  references. 
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Drake,  G.W.F.  &  Dalgarno,  A. 


Phys.  Rev.  A  1,  1325-I329  (1970), 


quant . 


»  *  *  *  * 


Br  (Bromine) 


Br  I 


Bengtson,  R.  D.,  Miller,  M.  H., 

Koopman,  D.  W.,  &  Wilkerson,  T.  D. 


Phys.  Rev.  A  2.  16-24  (I97D, 


emlss . 


Br  II 


Gruzdev,  P.  F. 


Optics  and  Spectroscopy  (U.S.S.H.)  22.  479-481 
(1969). 


quant. 


*  *  «  *  * 


C  (Carbon)' 


C  I 


Wilson,  K.  H . ,  &  Nlcolet,  W.  E. 
Goldman,  A. 

Berry,  H.  G.,  Martinson,  I.,  & 

Bromander,  I. 
Foster,  E.  W. 
Mickey,   D.  L. 

Nlcolaldes,  C.,  &  Sinanoglu.  0. 
Pegg.  D.  J.,  Chupp,  E.  L. ,  & 

Dotchln,  L.  W. 
Pegg.  D.  J.,  Dotchln,  L.  W.  & 

Chupp,  E.  L. 


J.  Quant.  Spectrosc.  Radiat.  Transfer  £,  891-941 
(1967). 

Scientific  Report  No.  5,  Sept.   (1969)  AFCRL- 

69-0447,  Univ.  of  Denver,  Denver,  Colo. 
Phys.  Letters  JJ.A,  521-522  (1970). 

J.  Phys.  B  (Proc.  Phys.  Soc.)  2.  L145-L148  (1970), 

Nucl.  Instrum.  Methods  £0,  77-79  (1970). 

Phys.  Letters  3JA,  178-  179  (1970). 

Nucl.  Instrum.  Methods  29.,  71-75  (1970);  22.. 

527-531  (1971). 
Phys.  Letters  31A.  255-256  (1970). 


SCF,  compil, 

CA 

life 

emlss . 
life 
quant . 
life 

life 


*See  also  Section  3>2  for  some  further  references. 
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Phys.  Letters  ^lA,  50I-502  (1970). 

Comp.  rend.  270B.  788-790  (1970). 
Solar  Phys.  11.  11-16  (1970). 
Astrophys.  J.  166.  411-^22  (1971). 

C  II 

J.  Quant.  Spectrosc.  Radlat.  Transfer  £•  891-9^1 
(1967). 

Phys.  Letters  3J)A,  87-88  (1969). 

"Atomic  Physics,"  131-160  (Plenum  Press,  New 

York.  1969). 
Phys.  Rev.  183.  56-68  (1969);  Astrophys.  J. 

157.  997-1005  (1969). 
Phys.  Letters  ^lA.  25-26  (1970). 
Nucl.  Instrum.  Methods  20,  77-79  (1970). 
Nucl.  Instrum.  Methods  22..  133-136  (1970). 
Nucl.  Instrum.  Methods  22,  71-75  (1970);  21. 

527-531  (1971). 
Phys.  Letters  JJIA,  501-502  (1970). 

Comp.  rend.  270B.  788-790  (1970). 

Nucl.  Instrum.  Methods  22.   103-108  (1970). 

J.  Quant.  Spectrosc.  Radlat.  Transfer  11..  81-91 
(1971). 

C  III 

Phys.  Letters  3_0A,  87-88  (1969). 

Phys.  Letters  21  A,  25-26  (1970). 

Nucl.  Instrum.  Methods  22.  77-79  (1970). 

Nucl.  Instrum.  Methods  22.,  71-75  (1970);  21. 

527-531  (1971). 
Phys.  Letters  21A,  501-502  (1970). 
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Poullzac,  M.  C.  &  Druetta,  M. 
Ceyzeriat,  P.,  Denis,  A., 

Desesquel les,  J.,  Druetta,  M.,  & 

Poulizac,  M.  C. 


Comp.  rend.  27QB.  788-790  (1970). 

Nucl.  Instrum.  Methods  22..   103-108  (1970). 


C  IV 


All,  M.  A. 


Schaad,  L.  J. 


Poulizac,  M.  C.,  Druetta,  M. ,  & 

Ceyzeriat,  P. 
Barrette,   L. ,  Knystautas,  E.  J. 

Neveu,  B.,  &  Drouln,  R. 
Martinson,  I. 

Martinson,  I.  &  Blckel,  W.  S. 
Poulizac,  M.  C.  &  Druetta,  M. 
Knystautas,  E.  J„,  Barrette,  L. 
Neveu,  B.  &  Drouln.  R. 


J.  Phys.  B  (Proc.  Phys.  Soc.)  Ser.  2,  2, 

1304-1308  (1969). 
Phys.  Letters  22*.  87-88  (1969). 

Nucl.  Instrum.  Methods  22.  59-61  (1970). 

Nucl.  Instrum.  Methods  22.  81-84  (1970). 
Phys.  Letters  3JA,  25-26  (1970). 
Comp.  rend.  270B.  788-790  (1970). 
J.  Quant.  Spectrosc.  Radiat.  Transfer  11,  75-79 
(1971) . 


C  V 


Senashenko,  V.  S.  &  Teku,  B. 
Brown,  R.  T. 

Dalgarno,  A.,  &  Drake,  G.  W.  F. 

Gars tang,  R.  H. 

Drake,  G.W.F.  &  Dalgarno,  A. 

Dufay,  M . ,  Denis,   A,,  & 

Desesque I les,  J. 
Martinson.  I.  &  Blckel,  W.  S. 


Vestnik  Moskovskogo  Universitet  Ser.  3  fiz.  1 

astron.,   120-122  (1968). 
Astrophys.  J.  158.  829-837  (I969). 
Mem.  de  la  Soclete  Royale  des  Sciences  de  Liege 

5th  Series  17_.  69-77  (1969). 
Pub  I.  Astron.  Soc.  Pacific  81,  488-4-95  (1969). 
Phys.  Rev.  A  1,  1325-I329  (1970). 
Nucl.  Instrum.  Methods  22.  85-91  (1970). 

Phys.  Letters  3JA,  25-26  (1970). 


it    *    *    #  * 


Ca  (Calcium) 


Ca  I 


Brlnkmann,  U, 


Z.  Physlk  228.  440-453  (1969), 


*See  also  Section  3.2  for  some  further  references. 
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Brlnkmann,  U.,  Goschler,  J.p 
Steudel,  A.,  &  Walther,  H. 

Brlnkmann,  U.,  Goschler,  J., 

Steudel,  A.  &  Walther,  H. 
Goldman,  A. 

McGinn,  G. 

Andersen,  T.,  Desesque lies,  J., 
Jessen,  K.  A.,  &  S^rensen,  G. 

Andersen,  T.,  Jessen,  K.  a.,  & 
S^rensen,  G. 

Smith,  W.  H. 


Goldman,  A, 

Andersen,  T.,  Desesque I les ,  J., 
Jessen,  K.  A.,  &  S^rensen,  G. 
Smith,  W„  H. 
van  Rensbergen,  W. 


Gruzdev,  P.  F. 


All,  M.  A.  &  Joy,  H.  W. 


Nussbaumer,  H. 


"Optical  Pumping  and  Atomic  Line  Shape,"  ^33-439  life 

(ed,  Skallnskl,  T.,  Panstwowe  Wydawnictwo 

Naukowe,  Warsaw,  I969). 
Z.  Physik  228,  ^27-^39  (I969).  life 

Scientific  Report  No.  5,  Sept.   (I969)  AFCRL-  CA 

6g-0k^7,  Univ.  of  Denver,  Denver,  Colo. 
J.  Chem.  Phys.  £1,  5090-5095  (1969).  quant. 
J.  Quant.  Spectrosc.  Radlat.  Transfer  10.,  11^3-  life 

1150  (1970). 

Nucl.  Instrum.  Methods  20.  35-39  (1970).  life 
Nucl.  Instrum.  Methods  20,   115-119  (1970).  life 

Ca  II 

Scientific  Report  No.  5,  Sept.   (I969)  AFCRL- 

69-0^7 ,  Univ.  of  Denver,  Denver,  Colo. 
J.  Quant.  Spectrosc.  Radiat.  Transfer  10,  11^3 

1150  (1970). 
Nucl.  Instrum.  Methods  £0,  115-119  (1970). 
Solar  Phys.  11,  11-16  (1970). 

Ca  V 

Optics  and  Spectroscopy  (U.S.S.R.)  28,  33^-337  quant. 
(1969). 

Ca  VI 

J.  Phys.  B  (Atom.  Molec.  Phys.)  J,   I552-I557  (1970).  SCF 
Ca  XV 

Astrophys.  J.  166,  1*11-422  (197D.  quant,  forb. 

*  *  »  *  * 


CA 

life 

life 
quant. 
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Cd  (Cadmium) 


Cd  I 


Ashenf elter,  R.  C. 
Addink,  N.  W.  H. 


Bienlewski,  T.  M. ,  Krueger, 
T.  K.,  &  Czyzak,  S.  J. 

Andersen,  T.,  Jessen,  K.  A.,  & 
S^rensen,  G. 

Baumann,  S.  R.  &  Smith.  W.  H. 

Laniepce,  B. 

Schaefer,  A.  R. 


Thesis,  California  Institute  of  Technology  (I967), 
"Proc.  of  XIV  Colloquium  Spectrosooplcum 

Internationale,"  Bl,  201-208  (Debrecen, 

Hungary,  1967). 
Ad.  Quant.  Chem.  4,  141-152  (1968). 

Nuol.  Instrum.  Methods  £0,  35-39  (1970). 

J.  Opt.  Soc.  Am.  60,  345-347  (1970). 
J.  Physique  21.  439-444  (1970). 

J.  Quant.  Spectrosc.  Radiat.  Transfer  11,  197-201 
(197D. 


absorpt , 
comm. 


absorpt.,  S( 

life 

life 
life 
life 


Cd  II 


Baumann,  S,  R.  &  Smith,  W.  H. 
Schaefer,  A.  R. 


J.  Opt.  Soc.  Am.  60,  345-347  (1970).  life 
J.  Quant.  Spectrosc.  Radiat.  Transfer  11,   197-201  life 
(1971). 


»  *  *  *  * 


Ce  (Cerium) 


Ce  II 

Tech,  J.  L.  NBS  Monograph  119  (0.  S.  Government  Printing  Office,  comm. 

Washington,  D.  C.,  1971). 

*»■»** 


If, 


CI  (Chlorine)* 


Cl  I 


Bengtson.  R.  D. ,  Miller,  M.  H., 

Koopman,  D.  W.,  &  Wilkerson,  T.  D. 


Phys.  Rev.  A  2.  16-24  (1971). 


emlss . 


Cl  II 


Gruzdev,  P.  F. 

Bengtson,  R.  D. ,  Miller,  M.  H. , 

Koopman,  D.  W.,  &  Wilkerson.  T.  D. 


Optics  and  Spectroscopy  (U.S.S.R.)  28.,  334-337 
(1969). 

Phys.  Rev.  A        16-24  (1971). 


quant. 


emlss . 


«  »  «  *  * 


Co  (Cobalt) 


Co  I 


Addlnk,  N.  W.  H. 


v.  Hartrott,  M, 


"Proc.  of  XIV  Colloquium  Spectroscoplcum 
Internationale,"  Bl,  201-208  (Debrecen, 
Hungary,  1967). 

Z.  Naturforsch.  24a,   1202-1209  (1969). 


life 


Co  II 


Vizbaraite,     Ya.  I.,  Rudzikas,  Z. 

B.,  Dosinas,  G.  I.,  &  Yutsis,  A.  P. 
Rudzikas,  Z.  B.,  Vizbaraite,  Ya.  I., 

Dosinas,  G.  I.,  &  Yutsis,   A.  P. 
Kychkin,  I.  S.,  Rudzikas,  Z.  B.,  & 

Vizbaraite,  Ya.  I. 


Lltovskli  Fizlcheskil  Sbornlk  (S.S.S.R.)  8, 

319-330  (1968). 
Lltovskli  Fizlcheskil  Sbornlk  (S.S.S.R.)  8, 

331-3^2  (1968). 
Lltovskli  Fizlcheskil  Sbornlk  (S.S.S.R.)  10, 

47-58  (1970). 


quant. 


quant. 


quant. , 
quant,  forb. 


Co  III 
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